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REMARKS ON THE AMENDMENTS AS SUBMITTED ON 03/08/2004 



1, REMARKS ON THE SUBSTITUTE SPECIFICATION 



The substitute specification (entitled Amendments to the specification (clean version)) 
which is to be entered is intended to achieve the following goals: 

a. To overcome Examiner objections by coordinating the specification with the 
drawings. This goal is achieved by showing various axes (as listed on the page 
3, line 4 from above, of the Office communication of 12/23/2003) in the new 
drawings. 

b. To make the specification more transparent and clear. This goal is achieved by 
deleting some material contained in the original specification which is not 
related to the essence of the invention (e.g. description of various springs on 
page 1 of the original specification), enq^hasizing goals and specific features of 
the invention, making the text more transparent by inserting half-titles and 
reshuffling some parts of material, as well as inserting some new material 
which facilitate understanding of the invention and its significance. 

The subject matter of the new specification is entirely within the scope of the 
invention as disclosed in the specification as originally filed. The main alternations 
are as follows. 

For the first: description of the suspension disclosed in Example 7 of the 
ORIGINAL specification (related to the claims 18 and 19 (both withdrawn as 
suggested by Examiner) is canceled. 

For the second: all the remaining suspension are renumbered as follows: 
suspension units ORIGINALLY numbered as Examples 1, 2, 3, 4, 5, 6, are NOW 
renumbered as Examples 1, 2, 3, 9, 6, 5 RESPECTIVELY. The new ordering is 
more logical. 

For the third: suspension disclosed in Example 4 in the NEW specification is 
JUST A VARIANT of the suspension shown in Example 3 (in both the 
ORIGINAL and SUBSTITUTE specifications) and is entirely within the scope of 
the invention. 

For the fourth: the suspension disclosed in Example 7 in the SUBSTITUTE 
specification is NEW but is JUST A VARIANT of the suspension described in 
Example 6 of the substitute specification and is ENTIRELY WITHIN THE 
SCOPE of the original specification. Also, the suspension of Example 6 in the 
substitute specification is just a "spatial" variant of the suspension described in 
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Example 4 of the substitute specification, and is intended to make transparent a 
close parallelism between suspension units according to the invention using flat 
mechanism and those using spatial mechanism; AND MORE IMPORTANTLY, 
this new suspension is intended TO SUPPORT DEPENDING THE CLAIMS 23 
(NEW), 24 (NEW), 26 (NEW) and 27 (NEW) ALSO FROM CLAIM 22 (NEW). 

For the fifth: the suspension disclosed in Example 8 in the SUBSTITUTE 
specification IS NEW but is JUST A VARIANT of the suspension described in 
Example 7 of the substitute specification and are ENTIRELY WITHIN THE 
SCOPE of the original specification. Also, the suspension of Example 8 in the 
substitute specification is just a "spatial" variant of the suspension described in 
Example 3 of the substitute specification, and is intended to make transparent a 
close parallelism between suspension units according to the invention using flat 
mechanism and those using spatial mechanism; AND MORE IMPORTANTLY, 
this new suspension is intended TO SUPPORT DEPENDING THE CLAIMS 23 
(NEW), 24 (NEW), 26 (NEW) and 27 (NEW) ALSO FROM CLAIM 22 (NEW). 



2. REMARKS ON THE AMENDED DRAWINGS 

New drawings (amended sheets 1-21 (drawings)) are of higher quality, provide more 
details of various embodiments of the invention, and overcome Examiners objections 
(page 3 of the Office communication of 12/23/2003, line 1 from below) to the 
drawings as originally submitted by showing the axes OW, OD, OM (PRESENTLY 
labeled ODM) and OC (PRESENTLY labeled OWM). 

Now detailed comments on new drawings follow. 

a. Figs 1-3 (amended sheets 1-3) relate to the suspension described in Example 1 of 
both the original and substitute specification and REPLACE Fig. 1 as originally 
filed. Fig. 1 (new) is a perspective view of the assembled suspension unit. Fig. 2 
(which corresponds to Fig. 1 as originally filed) is an expanded view of the 
suspension imit, and provides all essential details of the invention. In particular all 
axes of rotation of the suspension unit mechanism's kinetic couples are clearly 
shown in the present Fig. 2. Fig. 3 is another expanded view of the suspension, 
which shows some details not visible in Fig. 2 (namely (KD), and (MW)). 

Moreover some details of the suspension mechanism, not labeled in the original 
Fig. 1, now are given their own labels. Thus the eccentric bore chamber in the disc 
(D), in which "the other end" of the intermediate eccentric is being pivoted (page 5 
of the original specification, line 17 from below) is now labeled (DM). The 
original specification (page 5, line 16 from below) states: "the shaft (W) and the 
disc (D) pivot directly in the body (K)"; both the shaft and the disc pivot in their 
respective circular bore chambers placed in said body (K), and these chambers 
were not labeled in the original specification; now they are labeled (KW) and (KD) 
respectively. 



Application/Control Number: 10/019,083 
Art Unit: 3616 



Page 3 



THIS LAST REMARK APPLIES ALSO TO NEW FIGS. 5, 6, 8, 9, 1 1, 13. 

b. Figs 4-6 (amended sheets 4-6) relate to the suspension described in Example 2 of 
both the original and substitute specification and REPLACE Fig. 2 as originally 
filed. Fig. 5 (new) is a perspective view of the assembled suspension unit. Fig. 2 
(which corresponds to Fig. 2 as originally filed) is an expanded view of the 
suspension unit, and provides all essential details of the invention. In particular all 
axes of rotation of the suspension imit mechanism's kinetic couples are clearly 
shown in the present Fig. 5. Fig. 6 is another expanded view of the suspension, 
which shows some details not visible in Fig. 5. 

c. Figs 7-9 (amended sheets 7-9) relate to the suspension described in Example 3 of 
both the original and substitute specification and REPLACE Fig. 3 as originally 
filed. Fig. 7 (new) is a perspective view of the assembled suspension unit. Fig. 8 
(which corresponds to Fig. 3 as originally filed) is an expanded view of the 
suspension unit, and provides all essential details of the invention. In particular 
SOME axes of rotation of the suspension imit mechanism's kinetic couples are 
clearly shown in the present Fig. 8. Fig. 9 is another e}q>anded view of the 

- suspension imit and shows some further details including all the axes of rotation 
not being shown in Fig. 8. 

Kinetics of the mechanisms of the suspension units shown in new Figs. 10-13 
(amended sheets 10-13) is precisely the same as of those shown in Figs. 1-9, 
THEREFORE placement of various axes of rotation (which determines kinetics of 
said mechanisms) is NOT SHOWN in new Figs. 10-13. 

d. Figs. 10 and 11 (amended sheets 10, 11) relate to the suspension described in 
Example 4 of the substitute specification (which is a variant of the suspension 
disclosed in Example 3 of the substitute specification) and is intended to show 
various possibilities of placing a spring relative the suspension mechanism's parts. 

e. Figs. 12 and 13 (amended sheets 12, 13) relate to the suspension described in 
Example 5 of the substitute specification (which corresponds to Example 6 of the 
original specification). Fig. 12 (new) is a perspective view of the assembled 
suspension imit. Fig. 13 (which corresponds to Fig. 6 as originally filed) is an 
expanded view of the suspension unit, and provides all essential details of the 
suspension. 

f Figs 14-16 (amended sheets 14-16) relate to the suspension described in Example 
6 of the substitute specification (which corresponds to Example 5 in the original 
specification) and REPLACE Fig. 5 as originally filed. Fig. 14 (new) is a 
perspective view of the assembled suspension unit. Fig. 15 (which corresponds to 
Fig. 5 as originally filed) is an expanded view of the suspension unit, and provides 
all essential details of the invention. In particular all axes of rotation of the 
suspension unit mechanism's kinetic couples are clearly shown in the present Fig. 
15, and conmion intersection point P of said axes is also clearly indicated. Fig. 16 
is another e:^anded view of the suspension, which shows some details not visible 
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in Fig. 15. Figs. 14-16 (new) show a suspension according to the present invention 
using a spatial mechanism of the particular kind described in generic claim 20 
(new) and correspond to Figs. 1-3 (new) which show a suspension according to the 
present invention using a flat mechanism of the particular kind described in the 
same generic claim 20 (new). The suspension described in Example 6 of the new 
specification has all characteristic features of the suspension described in Example 
5 of the original specification (eccentric form of three links of the suspension 
mechanism). However more details of the mechanism are now shown and given 
their respective labels (e.g. KDS, KDF, etc, see the detailed description). 

g. Figs. 17 and 18 (amended sheets 17, 18) relate to the suspension described in 
Example 7 of the substitute specification and is a "spatial" analog of Example 4 of 
the substitute specification (and uses the mechanism completely analogous to that 
described in Example 6 and shown in Figs. 14-16; THEREFORE some axes of 
rotation are not being shown in Fig. 18). Example 7 and accompanying Figs. 17, 
18 are intended to show various possibilities of placing a spring relative the 
suspension mechanism's parts. 

h. Fig. 19 (amended sheet 19) relate to the suspension described in Example 8 of the 
substitute specification and is a variant of the suspension disclosed in Example 7 
of the substitute specification as well as a "spatial" analog of Example 3 of the 
substitute specification. Example 8 and accompanying Fig. 19 are intended to 
show various possibilities of placing a spring relative the suspension mechanism's 
parts. 

i. Fig. 20 (amended sheet 20) relates to the suspension described in Example 9 of the 
substitute specification (which is identical to Example 4 of the original 
specification) and is identical to Fig. 4 as originally submitted. 

j. Fig. 21 (amended sheet 21) is identical to Fig. 8 as originally submitted and 
provides an example of damping characteristic of suspension according to the 
present invention. 

k. Fig. 2 as presently submitted should appear on the front page. 

3. REMARKS ON NEW CLAIMS 

New claims 20-27 repeat almost literally those proposed by Examiner in the Office 
communication of 12/23/2003. 

a. Claim 20 is IDENTICAL as claim 20 on Page 6 of the Office communication 
of 12/23/2003. 
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b. Claim 21 is IDENTICAL as claim 21 on Pages 6 and 7 of the Office 
communication of 12/23/2003. 

c. Claim 22 is IDENTICAL as claim 22 on Page 7 of the Office communication 
of 12/23/2003. 

d. Claim 23 is ALMOST IDENTICAL as claim 23 on Page 7 of the Office 
conmiunication of 12/23/2003. The ONLY alternation is depending Claim 23 
also from Claim 22. The dependence of Claim 23 from Claim 22 is supported 
by Example 6 (and accompanying Figs. 14-16) of the substitute specification 

e. Claim 24 is ALMOST IDENTICAL as claim 24 on Page 7 of the Office 
communication of 12/23/2003. The ONLY alternation is depending Claim 24 
also from Claim 22. The dependence of Claim 24 from Claim 22 is supported 
by the parallelism between the suspension according to the present invention 
using spatial mechanisms and those using flat mechanisms highlighted in the 
substitute specification and accompanying drawings. 

f. Claim 25 is a CORRECTED VERSION of Claim 25 on pages 7 and 8 of the 
Office communication of 12/23/2003. Claim 25 on pages 7 and 8 of the Office 
communication of 12/23/2003 states "...said shaft (W) being coupled to the 
body, the body having a flange, and the body is fastened to the vehicle fi-ame at 
the flange..." THIS FORMULATION IS INCORRECT for the following 
reason. Claim 25 is supported by Example 3 (and accompanying Fig. 3) of the 
ORIGINAL specification and also Example 3 of the SUBSTITUTE 
specification (and accompanying Figs. 7-9), and is intended to emphasize 
variety of arrangements of the suspension according to the invention. In BOTH 
the Examples 3 (old and new) there is disclosed a suspension with a FLANGE 
AT THE SHAFT (W), AND THE SHAFT IS FASTENED TO THE 
VEHICLE FRAME AT THE FLANGE. Claim 25 as presently submitted is 
being suitably corrected. 

g. Claim 26 is prepared by Applicant. It repeats ALMOST VERBALLY Claim 
25 as presently submitted, however it is dependent from both Claims 21 and 
22. Ckim 26 as presently submitted and it dependence from Claim 22 is 
FULLY SUPPORTED by Example 7 of the SUBSTITUTE specification and 
the accompanying drawings 17, 18 as well as by Example 8 and the 
accompanying Fig. 19. Moreover Claim 26 as presently submitted (vmlike 
Claim 25) is depended also from Claim 21. The dependence of Claim 26 from 
Claim 21 is supported by the parallelism between suspensions according to the 
present invention using spatial mechanisms and those using flat mechanisms 
highlighted in the substitute specification and accompanying drawings (see 
Example 3 of both original and substitute specification). 



w 
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h. Claim 27 is ALMOST IDENTICAL as claim 26 on Page 8 of the Office 
commimication of 12/23/2003. The ONLY altemation is depending Claim 27 
as presently submitted also from Claim 22. The dependence of Claim 27 from 
Claim 22 is supported by the parallelism between the suspension according to 
the present invention using spatial mechanisms and those using flat 
mechanisms highlighted in the substitute specification and acconq>anying 
drawings. 



4. ACKNOWLEDGEMENT 

My warmest thanks are due to Mr. George Spisich for his proposal of new claims. 




RespectfiiUy submitted 
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MAR 1 5 2C04 uAMENDMENTS TO THE SPECIFICATION (MARKED UP VERSION) 

^^'5£5p^HfflCLE SUSPENSION SYSTEM, PARTICULARLY FOR ROAD AND OFF-ROAD 

VEHICLES 



TECHNICAL FIELD OF THE INVENTION 

The present invention relates to a vehicle suspension system, particularly for road and 
off-road vehicles such as trailers and semi-trailers, trucks, buses and military vehicles 
(including tanks), and first of all for those whose weight and dynamical loads vary within a 
broad range during the operating process, and is particularly concerned with improvements to 
the suspension damping characteristic. i.e, the suspension answer force as a function of road 
wheel deflection. The invention provides a vehicle suspension system with non-linear 
differentiable damping characteristic and progressive suspension rate produced out of linear 
characteristic of ordinary steel springs of constant spring rate. Suspension unit accordmg to 
the present invention features simple and extraordinarily compact and robust structure. 

BACKGROUND OF THE INVENTION 

The main function of vehicle suspension is to dampen and reduce dynamical loads 
(e.g. vibrations) transferred to vehicle body by vehicle wheels. The ouoponoion io a cot of 
element s connecting the vehicle wheels with the vehicle frame or bodv i To do its work in the 
optimal way vehicle suspension should have suitably variable suspension rate and thus non- 
linear (progressive^ damping characteristic, capable of being adjusted to vehicle weight and 
dynamical loads. 

Suspensions of automotive vehicles are fitted with steel springs such as leaf springs, 
coil springs, torsion bars, as well as solid rubber elements and pneumatic springs and hydro- 
pnemnatic elements. 

> Leaf springs are made of elastic steel flat bars . The leaf spring, supported in the 
middle and loaded on both ends, is subject to deformation and simultaneously vvorkp agains t- 
thc forces of elasticity. ■ 

• Coil gprings ore made of stoel spring wir e . Th e y or e light e r and cosior to ofloomblo than 
loaf springs but unable to tranafor aide foroeo, honoo additional olomonta are noooaoory to hold 
th e vehicle axle. 

Torsion bars are s teel springs made in the form of rod» tube or flat bar pack; one end of 
which is anchored Cigj in a vehicle frame while the other one is twisted by an arm of a vehicle 
wheel. ■ 

■ Pneumatic springs or e built in th e form of two or thr ee fold b e llow manufactured of 
synthetic rubber reinforced with cord plait and tightened in metallic holder s . Pneumatic 
- springs work utilizing pres s ure of conyressed air contained therein. They are used in buses 
and trucks as well as in off road vehicles i There are also hydro pneumatic suspensions, in 
which the elastic medium is a compressed gas contained in a chamberi 



AMENDED SHEET 1 (SPECIFICATION- MARKED UP VERSION) 





TITLE OF THE INVENTION: 


FIRST NAMED INVENTOR: 


APPI ICATiriM MO 


i 


VEHICLE SUSPENSION SYSTEM, 


WIESLAW JULIAN OLEDZKJ 


10/019,083 




PARTICULARLY FOR ROAD AND OFF 








ROAD VEHICLES 







Further compression of the gag result s from the action of a piston, which foUowB tho — 
movement of a vehicle wheel. 

' Tho apring rato of atccl springs is, in general, constant. Thus the damping 
oharaotcristio of most prior art vehicle ouoponsion syotomo using such a spring is linear or 
n e arly linear, which is their major disadvantage. Some of steel springs, e.g. coil springs, can 
be made progressive, however damping characteristic of vehicle suspension using such 
springs cannot be freely shaped and remains remarkably inferior to that of the air spring. — 

All the types of steel springs alluded to above feature, in principle, constant spring rate 
and thus linear characteristic. Vehicle suspensions fitted with steel springs are compact, 
robust, durable and reliable, but they usually feature constant suspension rate and linear 
damping characteristic inherited from the linear characteristic of the steel spring they use, 
which is considerably inferior to that of the pneumatic suspension. Vehicle suspensions with 
steel springs can be made progressive e.g. by applying several in turn actuating springs: then a 
non-differentiable progressive damping characteristic of the suspension is being obtained. 
Some of them, e.g. those using coil springs, can be made progressive vyithout disturbing the 
differentiability of their characteristic. However in both these cases the suspension damping 
characteristic still remains substantially inferior to that of the pneumatic and hydro-pneimiatic 
ones. 

Pneumatic and hydro-pnevmiatic vehicle suspensions feature favorable differentiable 
progressive damping characteristic, but they are expensive and much less durable and reliable 
than suspensions fitted with steel springs. Moreover, a major disadvantage of both the 
suspensions in question is that their damping characteristic is determined bv the 
thermodynamic parameters of the gas (air or nitrogen) they utilize (namely the adiabatic 
exponential), and therefore cannot be freely adjusted to specific requirements. Moreover, the 
damping characteristic of such suspensions is still far from op timal. 

A common feature of all commonly used vehicle suspension sy stems i s that their 
characteristic is determined in great part bv the characteristic of the spring being used, and 
therefore is hard to make optimum. 

Some imconventional vehicle suspension systems providing non-linear damping 
characteristic and means for adjusting it are known from prior art. For example the 
International PubUcation WO-A-96 11815 of the International Application PCT/CA 95/00570 
discloses a suspension system, in which the suspension arm rotates roller carriers, the rollers 
contained therein follows cam surfaces, which in tum force a spring supports to move axially 
and to compress the spring. The US patent No. 3,157,394 granted to Mr. O.K. Kelley in 1964 
provides another example of suspension with a cam mechanism, a number of in tum actuated 
Belleville springs and non-linear non-differentiable damping characteristic. However non- 
linearity of the damping characteristic of these suspensions is achieved by engaging springs 
through a cam mechanism, and means for adjusting the characteristic are shape of the cam, its 
position relative other elements of the suspension mechanism and nuts to regulate the initial 
length of the spring. Consequently, these suspensions are excessively complicated, of 
questionable, if not doubtful, durability and reliability, unable to cope with large loads, and 
means for adjusting damping characteristic of them are completely unsatisfactory. Another 
example of variable rate vehicle suspension is provided bv the US patent No. 4,010.941 
granted to Mr. A.C Kirkland in 1977. In this example variability of spring rate of torsion bars, 
and thus variability of suspension rate of vehicle suspension fitted with torsion bars, is 



AMENDED SHEET 2 (SPECIFICATION- MARKED UP VERSION) 





Ill Lc Ur 1 Hrs IN VtiN 1 ION: 


MKo I NAMbD IN VbN I OR: 


APPLICATION NO. 




VEHICLE SUSPENSION SYSTEM, 


WIESL AW JULIAN OLEDZKI 


10/019,083 




PARTICULARLY FOR ROAD AND OFF 








ROAD VEHICLES 







attained bv providing means to vary torsion bar's length. Again this suspension is far from 
being satisfactory for at least the foUovying reasons: For the first, to adjust (increase) the 
torsion bar spring rate to increasing vehicle weights the length of said torsion bar is being 
decreased^ vyhich diminishes the spring capability of accumulating potential energy. For the 
second, means for adjusting suspension rate can bv applied exclusively to suspensions using 
torsion bars. For the third, means for adjusting suspension rate are not capable of varying the 
spring rate continuously, and therefore the damping characteristic of the suspension is not 
differentiable and far from optimal. 

Thus there is a need for a vehicle suspension combining and even exceeding the 
advantages of both the steel and hvdro-pneumatic suspensions, having differentiable non- 
linear damping characteristic capable of being freely adjusted to any specific requirements. 

SUMMARY OF THE INVENTION 

A vehicle suspension^ according to the present invention, is a purely mcohonioal 

^device . Non-linearity of its damping characteristic and moonfl for adjusting it to specific - 
requirement s is derived directly from the kinetic of the four bar moohoniom. It oontaina no 
foreign ad hoc incorporated porta e.g. oams and foaturoa a compact and robust structure. In 
fact the structure of the mechanism of th e susp e nsion according to the present invention is the 

■ s tronge s t po s sible as its moving parts occupy the whole internal space of its body. Thus it can 
cope with large loads and the capacity/weight ratio would be better than that of all kinds of 

■ known suspensions! It u s es only standard springs, while it provides a damping charaoteriotio, 
which betters that of hydro * pneumatic suspension S i Moreover the construction of the 
suspension, according to the invention, enables its charact e ristic to b e fr ee ly ohooon through 
the choice of the geometric parameters of the moohonioms oompriaed therein. 

The manufacturing technology of the ousponsion according to the invention is simple 
and inexp e nsive. Moreover, th e susp e nsion provides th e possibility of the relative position 
'between element s connecting the s u s pension unit with vehicle wheels and a spring to be 

■ fr ee ly adjusted. 

The invention solves the problem of constructing a vehicle Guoponpion of non hnear 

characteristic using springs of linear characteristic. By non - linear characteristic is meant non 
linear and differentiable dependence of suspension stiflBiess on vehicle axle flex. 

— The object of the invention is to provide a new type of vehicle suspension system 
destined for new vehicles^ particularly for road and off - road ones, which also can be 
assembled in existing vehicle s during overhauls^ e.g. in tanks, and which improves 
substantially the shock absorption within the whole range of dynamical loads and vehicle 
weight variations. 

— The essence of the vehicle suspension system, according to the present invention, is 
that it conyrisos at least on e flat or spatial four linlc mechanism, three kinematic parrs of 
which are rotational ones^ while the fourth one is either a rotational or a sliding one, and the ■ 
two linlcs of said mechanism are made in the form of eccentric and one linlc is mado in the 

■ form of eccentric or slider j ^ wherein one link of s aid mechanism is coupled with a vehiolo 
wheel, another link of the mechanism is coupled with a spring, and the whole mechanism is 
fastened to a vehicle frame through yet another link, to obtain a non linear dependence of 
deformation of the spring on an axle flex. 
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It is therefore an object of the invention to provide a universal vehicle suspension 
system of extraordinarily compact and robust structure, vs^hich features continuously 
diflferentiable strongly non-linear damping characteristic (and vyhich> thanks to the suitable 
non-linearitv of its damping characteristic and continuity of the differential of the 
characteristic, has progressive suspension rate Ti.e. suspension stifl5iess^'> produced out of 
linear characteristic of conventional steel springs of constant spring rate. 

Another object of the invention is to provide a vehicle suspension, the damping 
characteristic of vyhich can be freely modeled according to any specific requirements. 

Yet another object of the invention is to provide a compact vehicle suspension unit 
destined for new vehicles which also can be easily assembled in existing vehicles during 
overhauls e.g. in tanks, and which improves substantially the shock absorption within the 
whole range of dynamical loads and vehicle weight variations. 

Thus the suspension according to the present invention is a purely mechanical device, 
and its most outstanding feature is that it produces a strongly non-linear diflferentiable 
damping characteristic Twhich considerably betters that of the hydro-pneumatic suspension) 
using only standard steel springs (or elements made of sohd rubber) of linear characteristic. 
Another important feature of the suspension according to the present invention is that its 
damping characteristic can be freely modeled through the appropriate choice of the geometry 
of its components, without limitations typical for other types of suspension, including the 
hydro-pneumatic one. 

Moreover, the suspension according to the invention is Very simple and has an 
extraordinarily compact and robust structure, and is self-sufficient in the sense that no 
additional elements are needed to hold vehicle's road wheel Non-linearity of damping 
characteristic of the suspension according to the present invention as well as means for 
adjusting it to specific requirements is derived directly from the kinetic of four bar linkage. It 
contains no foreign ad hoc incorporated parts e.g. cams, and features extraordinarily compact 
and robust structure. In fact the structure of the mechanism of the suspension according to the 
present invention is the strongest one in existence, as its moving parts occupy the whole 
internal space of its body. 

The manufacturing technology of the suspension is simple and inexpensive. Moreover, 
the suspension provides the possibility of a relative position between road wheel arm the road 
wheel itself and spring, to be freely adjusted. 

The main idea behind the suspension according to the present invention is to apply at 
least one flat or spatial (spherical) four-link mechanism, all kinetic couples of which are 
rotational ones, and (three) moving links of which assume the general form of flat or spatial 
eccentric and fill the whole internal space of the fourth mechanism link (called the mechanism 
body). One link of said mechanism is coupled with a vehicle road wheel (through e.g. a 
trailing or transverse arm), another link of said mechanism is coupled with a spring, and the 
whole mechanism is fastened to the vehicle frame using another link to obtain a non-linear 
diflferentiable dependence of deformation of the spring on the road wheel flex and therefore a 
non-linear diflferentiable damping characteristic of the suspension and the progressiveness of 
the suspension rate. 

The general principle behind the arrangement of the suspension units described below 
is to couple vehicle's road wheel with one link of the suspension mechanism, to fasten the 
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suspension mechanism to the vehicle frame through another link of said suspension 
mechanisnru and to place a spring among two links of the suspension mechanism. In the case 
the link of said suspension mechanism coupled with the vehicle road wheel is adjacent to the 
link> through which the suspension mechanism is fastened to the vehicle frame, the spring is 
not placed between these two links. 

A good result is obtained when s aid su s pension system^ as four links of its mechanism^ 
Thus the desired result is obtained when said suspension's mechanisnL according to the 
invention, is a flat one, and comprises a shaft fitted with an eccentric, which is coupled 
rotationally with an intermediate eccentric, the latter being coupled rotationally with a disc, 
while the shaft and the disc pivot directly in the mechanism body. The body is fastened to a 
vehicle frame. The shaft>^ in tum^ is coupled rigidly with a ^rehicle wheel arni^ and the disc is 
coupled with one end of a spring, the other end of which is fafltonod to the body of the 
mechanism or directly to the vehicle frame. - The shaft in turn is coupled rigidly with the 
vehicle axle or vehicle wheel arm. In this arrangement of the suspension according to the 
present invention placement of a spring relative said suspension mechanism links is as 
follows. Either the disc is coupled with one end of the spring, the other end of which is 
coupled with the vehicle axle or the vehicle wheel arm or the intermediate eccentric, or is 
fixed to the body of the mechanism or directlv to the vehicle frame: or the intermediate 
eccentric is coupled with one end of the spring, the other end of which is coupled with the 
vehicle axle or the vehicle wheel arm, or is fixed to the body of the mechanism or directly to 
the vehicle frame. 

In this arrangement the axes of rotation of all the kinetic pairs of the suspension 
mechanism are parallel to each other. 

A good result is also obtained when the suspension system^ as its four linltsi four link 
mechanism is a flat one, and comprises a shaft fitted with an eccentric, which is coupled 
rotationally with an intermediate eccentric which, in turn, is coupled rotationally with a disc, 
while the shaft and the disc pivot directly in the mechanism body, the latter being fastened to 
a vehicle frame. Besides, the disc is coupled rigidly with the vehicle axle or the vehicle wheel 
arm and the shaft is coupled with on end of a spring the other end of which is fastened to the 
body or directly to the vehicle frame. In this arrangement of the suspension according to the 
present invention placement of a spring relative said suspension mechanism links is as 
follows. Either the shaft is coupled with one end of the spring, the other end of which is 
coupled with the vehicle axle or the vehicle wheel arm or the intermediate eccentric, or is 
fixed to the body of the mechanism or directlv to the vehicle frame: or the intermediate 
eccentric is coupled with one end of the spring, the other end of which is coupled with the 
vehicle axle or the vehicle wheel arm, or is fixed to the body of the mechanism or directly to 
the vehicle frame. 

In this arrangement the axes of rotation of all the kinetic pairs of the suspension 
mechanism are parallel to each other. 

A good result is also obtained when the suspension system The demanded result is 
also obtained when the suspension mechanism is a flat one, and comprises a shaft fitted with a 
flange and an eccentric, the latter being coupled rotationally with an intermediate eccentric 
which, in turn, is coupled rotationally with a disc, while the shaft and the disc pivot directly in 
the mechanism body. The shaft is fastened to a vehicle frame with the help of the flange, 
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while the intermediate eccentric is coupled rigidly with the vehicle axle or the vehicle wheel 
arm, and the body io oouplod rigidly with one end of a spring the other end of which is 
fastened to the shaft or directly to the vehicle frame. In this arrangement of the suspension 
according to the present invention placement of a spring relative said suspension mechanism 
links is as follows. Either the mechanism body is coupled rigidly with one end of the spring, 
the other end of which is coupled with the vehicle axle or the wheel arm or the disc, or is 
fastened to the shaft or directly to the vehicle frame: or the disc is coupled with one end of the 
spring, the other end of which is coupled with the vehicle axle or the wheel arm or is fastened 
to the shaft or directly to the vehicle frame. 

In this arrangement the axes of rotation of all the kinetic pairs of the suspension 
mechanism are parallel to each other. 

The demanded result is also obtained when the suspension mechanism is a flat one, 
and comprises a shaft fitted with a flange and an eccentric, the latter being coupled 
rotationally with an intermediate eccentric which, in tum. is coupled rotationally with a disc, 
while the shaft and the disc pivot directly in the mechanism body. The shaft is fastened to a 
vehicle frame through the flange, while the disc is coupled with the vehicle axle or the vehicle 
wheel arm. In this arrangement of the suspension according to the present invention 
placement of a spring relative said suspension mechanism links is as follows. Either the 
mechanism body is coupled rigidly with one end of the spring, the other end of which is 
coupled with the vehicle axle or the wheel arm or the intermediate eccentric, or is fastened to 
the shaft or directly to the vehicle frame: or the intermediate eccentric is coupled with one end 
of the spring, the other end of which is coupled with the vehicle axle or the wheel arm or is 
fastened to the shaft or directly to the vehicle fiame. 

In this arrangement the axes of rotation of all the kinetic pairs of the suspension 
mechanism are parallel to each other. 

A good result is also obtained when the suspension system unit comprises two flat four 
link mechanisms and a steel spring in the form of U-shaped torsion bar, wherein each 
mechanism as its four links comprises a shaft fitted with an eccentric, which is coupled 
rotationally with an intermediate eccentric, the latter in turn being coupled rotationally with a 
disc, whereas the shaft and the disc pivot directly in the mechanism body. The body of each 
mechanism is fastened to a vehicle frame, and the shaft is coupled rigidly with a wheel arm, 
while the intermediate eccentric is coupled with one end of the U-shaped torsion bar, the other 
end of which is fastened to the intermediate eccentric of the analogous mechanism of the 
suspension of the other wheel. In this arrangement the axes of rotation of all the kinetic pairs 
of each suspension's mechanism are parallel to each other. 

All the embodiments of the invention described above have analogs using spatial 
mechanisms. 

A good result is also obtained when the suspension system, as four links of its 
mechanisnL Thus the demanded result is also obtained when the suspension mechanism, 
according to the invention, is a spatial one, and comprises a shaft fitted with a spatial 
eccentric form (a link assuming the general form of eccentric and rotating relative two other 
elements of the mechanism around two axes, which lie in a common plane and intersect at a 
non-zero angled, which is coupled rotationally with an intermediate spatial eccentric, the 

ANfENDED SHEET 6 (SPECIFICATION - MARKED UP VERSION) 





TITLE OF THE INVENTION: 


FIRST NAMED INVENTOR: 


APPLICATION NO. 




VEHICLE SUSPENSION SYSTEM, 


WIESLAW JULIAN OLEDZKI 


10/019,083 




PARTICULARLY FOR ROAD AND OFF 








ROAD VEHICLES 







latter, in txim, being coupled rotationally with another spatial eccentric called disc, whereas 
the shaft and the disc pivot directly in the mechanism body. 

The shaft and the disc have similar structure and differ primarily by their respective 
kinetics. The body is fastened to a vehicle frame and the shaft is coupled rigidly with the 
vehicle axle or the vehicle wheel arm, - while the disc is coupled with one end of a spring the 
Other end of which is fastened to the mechanism body or directly to tho vohiolo ftromo. In this 
arrangement of the suspension according to the present invention placement of a spring 
relative said suspension mechanism links is as follows. Either the disc is coupled with one end 
of the spring, the other end of which is coupled with the vehicle axle or the vehicle wheel arm 
or the intermediate eccentric, or is fixed to the body of the mechanism or directly to the 
vehicle fi-ame: or the intermediate eccentric is coupled with one end of the spring, the other 
end of which is coupled with the vehicle axle or the vehicle wheel arm, or is fixed to the body 
of the mechanism or directly to the vehicle frame. 

The suspension is in accordance with the invention provided that the axes of rotation 
of all the kinetic pairs of the suspension mechanism intersect at a precisely one point P. 

A good result is also obtained when the suspension systeni^ as four links of its 
mechanism, according to the invention, is a spatial one, and comprises a shaft fitted with a 
spatial eccentric, which is coupled rotationally with an intermediate spatial eccentric, which in 
turn, is coupled rotationally with another spatial eccentric called disc. The shaft and the disc 
pivot directly in the mechanism body, which is fastened to a vehicle frame. Besides, the disc 
is coupled rigidly with the vehicle axle or the vehicle wheel arm» and the shaft io coupled with 
■ one end of a spring the other one of which is fastened to the mechanism body or directly to 
tho vohiolo frame. In this arrangement of the suspension according to the present invention 
placement of a spring relative said suspension mechanism links is as follows. Either the shaft 
is coupled with one end of the spring, the other end of which is coupled with the vehicle axle 
or the vehicle wheel arm or the intermediate eccentric, or is fixed to the body of the 
mechanism or directly to the vehicle frame: or the intermediate eccentric is coupled with one 
end of the spring, the other end of which is coupled vyith the vehicle axle or the vehicle wheel 
arm, or is fixed to the body of the mechanism or directly to the vehicle frame. 

The suspension is in accordance with the invention provided the axes of rotation of all 
the kinetic pairs of said suspension's mechanism intersect at a precisely one point P. 

A good result is also obtained when the suspension system m echanism, according to 
the invention, is a spatial one, and comprises a shaft fitted with flange and a spatial eccentric, 
which is coupled rotationally with an intermediate spatial eccentric, which is in tum coupled 
rotationally with a disc whereas the shaft and the disc pivot directly in the mechanism body . 
The shaft is fastened to a vehicle frame with the help of the flange, whereas the intermediate 
eccentric is coupled rigidly vnth the vehicle wheel arm. The mechanism's body is coupled 
rigidly with one end of a spring the other end of which is fastened to the shaft or directly to - 
the vehicle frame- In this arrangement of the suspension according to the present invention 
placement of a spring relative said suspension mechanism links is as follows. Either the 
mechanism body is coupled rigidly with one end of the spring, the other end of which is 
coupled with the vehicle axle or the wheel arm or the disc, or is fastened to the shaft or 
directly to the vehicle frame: or the disc is coupled with one end of the spring, the other end 
of which is coupled with the vehicle axle or the wheel arm or is fastened to the shaft or 
directly to the vehicle fi-ame. 
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The suspension is in accordance with the invention provided the axes of rotation of all 
the kinetic pairs of said suspension mechanism intersect at a precisely one point P. 

The demanded result is also obtained when the suspension mechanism is a spatial one, 
and comprises a spatial eccentric-shaped disc fitted with a flange, said disc being coupled 
rotationallv with an intermediate spatial eccentric which, in turn, is coupled rotationallv with 
a spatial eccentric on a shaft, while the shaft and the disc pivot directly in the mechanism 
body. The disc is fastened to a vehicle frame through the flange, while the shaft is coupled 
with the vehicle axle or the vehicle wheel arm. In this arrangement of the suspension 
according to the present invention placement of a spring relative said suspension mechanism 
links is as follows. Either the mechanism body is coupled rigidly with one end of the spring, 
the other end of which is coupled with the vehicle axle or the wheel arm or the intermediate 
eccentric, or is fastened to the shaft or directly to the vehicle frame: or the intermediate 
eccentric is coupled with one end of the spring, the other end of which is coupled with the 
vehicle axle or the wheel arm or is fastened to the disc or directly to the vehicle frame. 

A good result is also obtained when the suspension system unit according to the 
invention comprises two four link spatial mechanisms and a spring in the form of a U-shaped 
torsion bar, whereas each mechanism as its four links comprises a shaft fitted with a spatial 
eccentric, which is coupled rotationally with an intermediate spatial eccentric, the latter, in 
turn, is coupled rotationally with a disc asstmiing the form of a spatial eccentric, whereas the 
shaft and the disc pivot directly in the mechanism body. Additionally, the body of each 
mechanism is fastened to a vehicle frame, and the shaft is coupled rigidly with a vehicle 
wheel arm, while the intermediate eccentric is coupled with one end of the U-shaped torsion 
bar, the other end of which is fastened to the intermediate eccentric of the analogous 
mechanism of the suspension of the other wheel. The suspension is in accordance with the 
invention provided that the axes of rotation of all the kinetic pairs of each of the suspension 
mechanisms intersect at a precisely one point P. 

A good result is also obtained when the suspension sy s tem, according to the invention, 
oomprioos a shaft fitted with three eccentrics which are coupled rotationally with 
corresponding intermediate eooentrics which, — in turn, — are coupled rotationally with 
corresponding sliders^ whereas the shaft pivots directly in a body and the sliders are sliding - 
fitted in the mechanism body, whereas one of the sliders is coupled with a vehicle axle while 
the two others are coupled with a spring, the latter being fastened to a vehicle frame. The 
body is fastened to the vehicle frame; 

' The object of the invention is shown in the accompanying drawings;, where Fig. 1 ■ 
shows g vehicle suspension system provided with a torsion bar, intended for fiistening to a ■ 
vehicle frame with the help of a mechanism body;, and the s u s pension mechanism shaft — 
coupled with a vehicle wheel arm; Fig. 2 shows a vohiolo suspension oyotom provided with a ■ 
torsion bar and a disc coupled with a wheel arm, which is fit for fastening to a vehicle body 
with the help of a mechani s m body; Fig . 3 shows a vehicle suspension system pro^oded ^vith a 
coil spring and an intermediat e eccentric coupl e d with a vohiolo wheel arm, which is fit for 
fastening to a vehicle body through the shaft equipped with a flange; Fig. ^ shows a vehicle - 
ougponsion system equipped with a U shaped tor s ion bar coupling two — suspension 
mcohanismfl with the help of thoir intermediate eccentrics; Fig* 5 show s a vehicle suspension ■ 
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' syDtem in which the axes of rotation and the axes of symmetry of all the fiusp e noion 
mechanism links intersect at a precisely one point P; Fig. 6 shows a vehiolo ouopenoion 

^■ system of the Mc Pherson type; . Fig. 7 shows a vehicle su s pension sy s tem equipped with a 
leaf spring; Figi 8 pro\ddes an example of a suspension answer force F as a function of a 
vehicle wheel flex x. 

The above-mentioned and other objectives, features and advantages of the present 
invention will be further understood by those skilled in the art bv reference to the following 
specification, appended drawings and patent claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1-3 show a vehicle suspension irnit in accordance with the present invention 
fitted with a torsion bar and the suspension mechanism shaft coupled vnth a vehicle wheel 
arm. This tvpe of the suspension unit is intended for fastening to the vehicle frame through 
the mechanism body. Fig. 1 is a perspective view of the suspension unit. Fig. 2 is an 
expanded view of the suspension unit, which shows all suspension's essential parts and some 
details of the arrangement of the suspension mechanism. Fig. 3 is another expanded view of 
the suspension unit, which provides some fiirther details of the suspension mechanism. 

Figs. 4-6 show a vehicle suspension unit in accordance with the present invention 
fitted vsdth a torsion bar and the suspension mechanism'' s disc coupled with a wheel arm. This 
type of the suspension is fit for fastening to a vehicle body through the mechanism body. Fig. 
4 is a perspective view of the suspension unit. Fig. 5 is an expanded view of the suspension 
unit, which shows all suspension's essential parts and some details of the arrangement of the 
suspension mechanism. Fig. 6 is another e^anded view of the suspension unit, which 
provides some fiirther details of the suspension mechanism. 

Figs. 7-9 show a vehicle suspension unit fitted with a coil spring ahd the suspension 
mechanism's intermediate eccentric coupled with the wheel's arm. This type of the 
suspension is fit for fastening to vehicle's frame through a flange on the shaft, and one end of 
the spring is coupled with the suspension mechanism body, while the other one is supported 
in the vehicle frame. Fig. 7 is a perspective view of the suspension imit. Fig. 8 is an expanded 
view of the suspension unit, which shows all suspension's essential parts and some details of 
the arrangement of the suspension mechanism. Fig. 9 is another expanded view of the 
suspension unit, which provides some further details of the suspension mechanism. 

Figs. 10, 1 1 show a vehicle suspension unit, which is just a variant of the unit shown 
in Figs. 7-9, in which the spring is compressed by the suspension mechanism's body and a 
road wheel arm. Thus the suspension unit is fitted wdth a coil spring and the suspension 
mechanism's intermediate eccentric coupled with the wheel's arm. This tvpe of the 
suspension is fit for fastening to vehicle's frame through a flange on the shaft, and one end of 
the spring is coupled with the suspension mechanism body, while the other one is coupled 
with the vehicle road wheel arm. Fig. 10 is a perspective view of the suspension unit. Fig. 1 1 
is an expanded view of the suspension unit, which shows all suspension's essential parts and 
some details of the arrangement of the suspension mechanism. 
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Figs. 12> 13 show a vehicle suspension unit of the Mc Pherson type in accordance with 
the present invention. Fig. 12 is a perspective view of the suspension unit. Fig. 13 is an 
expanded view of the suspension unit, which exhibits all suspension's essential parts and all 
details of the arrangement of the suspension mechanism. 

Figs. 14-16 show an analog of the suspension unit illustrated in Figs. 1-3. which uses a 
spatial mechanism of the type described above. Thus the suspension unit is fitted with a 
torsion bar and the suspension mechanism shaft coupled with a vehicle wheel arm. This type 
of the suspension unit is intended for fastening to the vehicle frame through the mechanism 
body. Fig. 14 is a perspective view of the suspension unit. Fig. 15 is an expanded view of the 
suspension imit, which shows all suspension's essential parts and some details of the 
arrangement of the specific suspension spatial mechanism. Fig. 16 is another expanded view 
of the suspension unit, which provides some fiirther details of the suspension mechanism. 

Figs. 17 and 18 show an analog of the suspension unit illustrated in Figs. 10, IK which 
uses a spatial mechanism of the type described above. Thus the vehicle suspension unit is 
fitted with a coil spring and the suspension mechanism's shaft coupled with the wheePs arm. 
This type of the suspension is fit for fastening to vehicle's frame through a flange on the 
mechanism disc, and one end of the spring is coupled with the suspension mechanism body, 
while the other one is coupled with the vehicle wheel arm. Fig. 17 is a perspective view of the 
suspension unit. Fig. 18 is an expanded view of the suspension unit, which shows all 
suspension's essential parts and some details of the arrangement of the suspension 
mechanism. 

Fig. 19 is a perspective view of a variant of the suspension unit shown in Figs. 17. 18 
with one end of the coil spring is coupled with the suspension mechanism's body, the other 
end being supported in the vehicle frame. This is a "spatial" analog of the suspension imit 
illustrated in Figs. 7-9. 

Fig. 20 is an expanded view of a vehicle suspension unit in accordance with the 
present invention fitted with a U-shaped torsion bar coupling two suspension's mechanisms 
through their intermediate eccentrics. 

Fig. 21 provides an example of the deimping characteristic of a suspension according 
to the present invention (the suspension answer force F as a fimction of wheel deflection xV 

DESCRIPTION OF THE PREFFERED EMBODIMENTS 

Example 1 

Referring to Figs. 1-3. there is shovyn a suspension imit fitted with a torsion bar in 
accordance with the present invention. 

The ouoponoion unit Now, referring to Figs. 1. 2 and 3. the four-link flat suspension 
mechanism comprises a shaft ( W) fitted with a circular eccentric bore chamber (MWO (WM) 
(Fig. 3\ In the eccentric bore chamber 4MW).£WM} of the shaft (W) pivots a pivot ^{MW} 
of an intermediate eccentric (M), the other end of which pivots inside of an eccentric circular 
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bore chamber (DM) of a disc (D) (Fig. 2) . The shaft (W) and the disc (D) pivot directly in a 
body (K) in their respective circular bore chambers (KW) (Fig. 2) and (KD^ (Fig. 3). The 
chamber (KD^ is displaced relative the chamber (KW) by a suitable magnitude. An arm (H) is 
fastened to a pivot of the shaft (W). One end of a torsion bar (S) is coupled rigidly with the 
disc (D), and the other one is anchored in a vehicle fi^ame £F}. The entire suspension imit is 
fastened to the vehicle frame £F} v^ith the help of a flange (Z) at the body (K) (Fig. IV 

It can be seen from Figs. 2 and 3 that the moving parts of the suspension mechanism^ 
namely the shaft (W). the disc (U) and the intermediate eccentric (M^ fill the whole internal 
space (formed by the chambers (KW) and (KD^)) of the mechanism body (K\ thus providing 
the strongest four link mechanism in existence. 

In thia arrangement, tho axis OW of rotation of tho ahaft (W) rolativo to the body (K), 
the axis OD of rotation of the disc (D) relative to the body (K)» the symmetry axis QC of the - 
eccentric (MW) at the shaft (W) and the overlapping axis of rotation of the shaft (W) relative 
to the intermediate eccentric (M), and the Sjonmetry axis QM of the intermediate eccentric 
(M), and the overlapping axis of rotation of th e int e rm e diate oooontrio (M) rolativo to tho diao 
(D) are all parallel to each other. — 

In this arrangement (Figs. 2 and 3) the axis (OW) of rotation of the shaft (W) relative 
the body (K) (which overlaps the axis of symmetry of the circular bore chamber (KW)). the 
axis (OD) of rotation of the disc (D) relative the body (K) (which overlaps the axis of 
symmetry of the circular bore chamber (KD)), the axis (OMW) of rotation of the intermediate 
eccentric (M) relative the shaft (W) (which overlaps the axis of symmetry of the circular 
eccentric bore chamber ( WM) in the shaft ( W) and the axis of symmetry of the pivot- (MW) of 
the intermediate eccentric (M))) and the axis (OMD) of rotation of the intermediate eccentric 
(M) relative the disc (D) (which overlaps the axis (ODM) of symmetry of the circular bore 
chamber (DM) in the disc (D)) are all parallel to each other and suitably distanced one from 
another. 

Owing to said arrangement, the suspension features a strongly progressive 
characteristic, much better than that of the hydro-pneumatic ones. Its characteristic is 
differentiable in contradistinction to other progressive suspensions of jump characteristic 
fitted with a few in turn actuating steel springs. 

The suspension gives the possibility to choose freely the suspension damping 
characteristic, including its progressiveness, through the selection of geometric parameters of 
its mechanism, . what is an additional advantage over hydro-pneumatic suspension , which is a 
major advantage over knovm suspensions including hydro-pneumatic ones whose 
characteristic is determined by thermodynamic parameters of the gas being used. 

The suspension features a combination of small deformations of the spring with large 
wheel flex, which lengthens spring's life. Moreover the suspension forms a compact closed 
unit, which can be filled with a lubricant for the whole period of operation of said suspension. 

There is a suspension with spatial mechanism in accordance with the present 
invention, which is a fiiU analog of the present suspension. 

Example 2 

Referring to Figs. 4-6 there is shown another suspension unit fitted vyith a torsion bar 
in accordance with the present invention. 

The suspension^HHt" mechanism (Figs. 5 and 6) comprises a shaft (W) fitted with an 
eccentric (MW) (WM), said eccentric (MW) (WM) being pivoted in an eccentric bore 
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chamber (MW) of an intermediate eccentric (M), vs^hereas the eccentric (M) pivots inside of 
an eccentric bore chamber (DM) in a disc (D). The shaft (W) and the disc (D) pivot directly in 
a body (K) in their respective circular bore chambers (KW) and (KD^ , 

— A toroion bar (S) io fastened to the ohaft (W), and on arm (H) is coupl e d with the disc 
-f&h One end of a torsion bar (S) is Coupled rigidly vyith the shaft (W) and the other end of 
torsion bar (S) is anchored in a vehicle frame (F). A trailing arm (H) is coupled vyith the disc 
(D\ The whole suspension unit is fixed to the vehicle frame {F} with the help of a flange (Z) 
at the body (K). 

In this arrangement, the oxig OW of rotation of the shaft (W) r e lative to the body (K), the axis 
' OD of rotation of the disc (D) relative to the body (K), the oymmotr>^ aids OC of the oooontrio 

■ (MW) at the shaft (W) and the overlapping axi s of rotation of the shaft (W) relative to the 
t intermediate eccentric (M), and the symmetry axis OM of the intermediate eccentric (M) and 

the overlapping axis of rotation of th e int e rmediate eccentric (M) relative to the disc (D) are 
' all parallel to each other i — 

In this arrangement the axis (OW) of rotation of the shaft (W) relative the body (K) 
(which overlaps the symmetry axis of the circular bore chamber (KW)). the axis (OD) of 
rotation of the disc (D) relative the body (K) (which overlaps the axis of symmetry of the 
circular bore chamber (KD)). the symmetry axis (OWM) of the eccentric (WM) at the shaft 
(W) (which overlaps the axis (OMW) of rotation of the intermediate eccentric (M) relative the 
shaft (W)). and the axis (OMD) of rotation of the intermediate eccentric (M) relative the disc 
(D) (which overlaps the symmetry axis (ODM) of the circular bore chamber (DM) in the disc 
(D)) are all parallel to each other and suitably distanced one from another. 

The suspension features a very strongly progressive characteristic since to a relatively 
small vehicle wheel flex (and therefore small angle of rotation of the disc (D)) there 
corresponds a relatively large angle of rotation of the shaft (W), and hence a large torsion of 
the torsion bar, in contradistinction to the suspension described in Example 1. 

During overhauls, a suspension may be assembled in existing vehicles e.g. in tanks. 

There is a suspension with spatial mechanism in accordance with the present 
invention, which is a fiill analog of the present suspension. 

Example 3 

Referring to Figs. 7-9. there is shovyn a suspension system fitted with a coil spring and a 
trailing arm in accordance with the present invention. 

The suspension system mechanism (Figs. 8 and 9) comprises a shaft (W) fitted with an 
eccentric (MW) (WM). wherein the eccentric ^MW^ (WM) pivots in an eccentric circular bore 
chamber (MW) in an intermediate eccentric (M), and the intermediate eccentric (M) pivots 
inside of an eccentric circular bore chamber (DM) in the disc (D). The disc (D) pivots in a 
circular bore chamber (KD) placed directly in a body (K), and the body (K) is coupled 
rotationally with the main pivot of the shaft (W) through a circular bore chamber (KW) , 

An arm (H) is fastened to a pivot (C) of the intermediate eccentric (M). The body (K) 
is fitted with a bracket -fWS^ (KS). on which one end of a coil spring (S) is being supported, 
the other end of which rests on a vehicle frame The whole suspension unit is fastened to 
the vehicle-be4¥- frame (F) with the help of a flange (Z) at the shaft (W). 

In this arrangement the axis OW of rotation of the shaft (W) relative to the body (K) ,- 
- the axis OD of rotation of the disc (D) rckitivo to the body (K), the s>TOmotry axis OC of the - 

■ eccentric (MW) at the shaft (W) and the overlapping axis of rotation of the shaft (W) relative 
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to tho intermediat e ocoontrio (M), and tho symmotr>^ oxio OM of tho intormodiato ccoontrio 
(M) and the overlapping axis of rotation of th e intormodiato oooontrio (M) rclativo to tho diao 
(D) must bo parallel to oaoh other, — 

In this arrangement the axis (OW) of rotation of the shaft (W^ relative the body CK!) 
(yyhich overlaps the axis of symmetry of the circular bore chamber (KW^). the axis (OD) of 
rotation of the disc fP) relative the body (K) (which overlaps the symmetry axis of the 
circular bore chamber (KD)), the axis (OMW^ of rotation of the intermediate eccentric (M) 
relative the shaft (W) (v^hich overlaps the symmetry axis (OWNf) of the eccentric (WMD on 
the shaft and the axis (OMD) of rotation of the intermediate eccentric (M) relative the 

disc (D) (yyhich overlaps the symmetry axis (ODNf) of the circular bore chamber (DM) in the 
disc f D^^ are all parallel to each other and suitably distanced one from another. 

The described suspension mounting to the vehicle fi-ame arrangement (in particular the 
mounting to vehicle's frame) makes it easier to use a coil spring, which is the most 
widespread kind of steel springs. The suspension may be assembled in existing vehicles, e.g. 
in tanks, during overhauls. Another i mportan t advantage of the present suspension is that it is 
an external suspension. Le. the suspension unit, including the spring, is placed entirely outside 
the vehicle. 

There is a suspension with spatial mechanism in accordance with the present 
invention, which is a fiill analog of the present suspension. 

It is to be noted that all the suspension units described in the examples 1-3 can be also 
combined with a transverse arm (then a longitudinal torsion bar is to be applied in the 
examples 1 and 2) or solid axle. 

Example 4 9 (should follow the example renumbered as Example 8 below) 

An arrangement described in this example Referring to FIG. 20, there is shown a 
compound suspension unit for two wheels (e.g. on common axle) in accordance with the 
present invention . It comprises two four-link mechanisms as described in Example 1 (in fact 
any mechanism of the types described in Examples 1-8 could be applied) , and a spring in the 
form of U-shaped torsion bar which works simultaneously as a stabUizer. The torsion bar is 
coupled rotationally with a vehicle frame £F) through clamping rings (O) at the base of the 
letter (U). 

The suspension mechanism Thus each of the suspension's mechanisms comprises a shaft (W) 
fitted with an eccentric (MW) (WM) which is coupled rotationally with an intermediate 
eccentric (M), which, in turn, is coupled rotationally with a disc (D). The shaft (W) and the 
disc (D) pivot directly ia a body (K). The body (K) of each mechanism is fastened to a 
vehicle's frame (F) . the shaft (W) is coupled rigidly with an arm (H), and the intermediate 
eccentric (M) is coupled with one end of the U-shaped torsion bar, the other end of which is 
fastened to the intermediate eccentric of the analogous mechanism of the other wheel's 
suspension. In both meohonlGmo, tho axis OW of rotation of tho shaft (W) relative to the body 
■ (K), the axis QD of rotation of the disc (D) relative to the body (K)» the symmetry axis QC of 
■ the eccentric (MW) at the shaft (W) and the overlapping axis of rotation of the intermediate 
■e ccentric (M) relative to the shaft (W), and the symmetry axis OM of the intermediate 
- eccentric (M) and the overlapping axis of rotation of the intermediate oooontrio (M) relative to ■ 
■4 he disc (D) are all parallel to oaoh other. 
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In both mechanisms axes of rotation of the mechanism's kinetic couples are all 
parallel one to another. 

Owing to the application of a U-shaped torsion bar both ends of which are coupled 
with elements executing compound rotary-planetary motion, the bar is subject to complex 
stresses depending on the vehicle wheels position. In the case of identical flex of both the 
wheels, both the arms of the U-shaped torsion bar are being twisted and simultaneously 
slightly expanded, while the central part of the bar freely revolves in the clamping rings (0\ 
In the case of various flexes of the wheels, the central part of the torsion bar constituting the 
base of the letter (U) is additionally being twisted. Thus the torsion bar (U^ plays the role of 
both the main spring and the stabilizer. 

The suspension, similarly to those described above, features a strongly non-linear 
characteristic, also for the stabilizer. 

As mentioned above, there is also a variant of this compound suspension using spatial 
mechanisms of the type described in examples 6-8. 

Example 4 

Referring to Figs. 10. IL there is shown a vehicle suspension unit, which is just a 
variant of the unit shown in Figs. 7-9. in which the spring is compressed by two different 
links of the suspension mechanism (through brackets fastened to the suspension mechanism's 
body and a road wheel arm, which in tum is fastened to the mechanism shafts. 

Thus the suspension mechanism (Fig. 11. see also Figs. 8. 9) comprises a shaft fW^ 
fitted with an eccentric (WM). wherein the eccentric (WM) pivots in an eccentric circular 
bore chamber (MW) in an intermediate eccentric (Nf). and the intermediate eccentric (M) 
pivots inside an eccentric circular bore chamber (DM> in the disc (D\ The disc (D^ pivots in a 
circular bore chamber (KD) (Fig. 8) placed directly in a body (Kl which in tum is coupled 
rotationally with the shaft (W) through a circular bore chamber (KW). 

A trailing arm (H\ fitted wdth a bracket (HSl is coupled rigidly with the intermediate 
eccentric (M). The body (K) is fitted with a bracket (KS) supporting one end of a coil spring 
(S). the other end of which is supported by the bracket (HS) on the wheel arm (H). The entire 
suspension is fixed to the vehicle frame (F) through a flange (Z) at the shaft (W^. 

Geometry of the suspension mechanism is similar to that of the suspension mechanism 
described as Example 3 (Figs. 8. 9^ Thus in this arrangement the axis of rotation of the shaft 
(W) relative the body (K) (which overlaps the axis of symmetry of the circular bore chamber 
(KW)). the axis of rotation of the disc (D) relative the body (K^ (which overlaps the symmetry 
axis of the circular bore chamber (KD)^. the axis of rotation of the intermediate eccentric (M) 
relative the shaft (W) (which overlaps the symmetry axis of the eccentric (WM^ on the shaft 
(W)\ and the axis of rotation of the intermediate eccentric (M) relative the disc (D) (which 
overlaps die symmetry axis of the circular bore chamber (DM) in the disc (D)) are all parallel 
to each other and suitably distanced one from another. 

The principal advantage of this peculiar arrangement (namely a spring being 
igompressed by two different links of the suspension mechanism) of the suspension unit over 
the previous ones is that the loads of the suspension mechanism can be substantially 
diminished (reaction force of suspensions being equal), and therefore the suspension unit can 
be made smaller and lighter. 

There is a suspension wdth spatial mechanism in accordance vyith the present 
invention, which is a fiill analog of the present suspension. 
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Example 5 6 (should follow the example renumbered as Example 5) 

The suspension sy s tem comprises a-shaft (W) fitted with an eccentrio (MW), whoroao the 
eccentric (M\\0 pivots inside of an eccentric bore chamb e r of an intormcdiato occcntric (M), 
which in tum pivots inside of an eccentric bore chamber of a disc (D). The shaft (W) and the — 
disc (D) pivot directly in a body (K). An arm (H) is fastened to the shaft {W). A torsion bar 
(S) is coupled with the disc (D), and the whole suspen s ion unit i s fixed to a vehicle frame — 
with the help of a flange (Z) at the ahaft (W). 

The ax e s of rotation of all the kinematic pairs of this unit s u s pension inter s ect at a precisely 
one point P. In particular, the axis of rotation of the shaft (W) and the axis of rotation of the ■ 
disc (D) (the latter overlapping the symm e try axis of th e torsion bar) intersect at an angle A. — 

This arrangement give s the po ss ibility to choose fi^eely the angle A within the range of 0"9Q^;^ ■ 
which giv e s the pos s ibility of a position of the - s p r i ng relative to the wheel to be conveniently 
chosen. In particular, in the case the angle A equals 90^» one obtains a suspension with a 
trailing arm and a longitudinal torsion bar. 

The suspension features a strongly non linear charact e ristic, which can be fi'eely shaped 
through an appropriate choice of the geometric parameters of its mechanicmi 

Referring to Figs. 14-16. there is shown a suspension unit according to the present 
invention, which is a fiill "spatial"" analog of the suspension described in Example 1, More 
precisely, the suspension unit has a spatial mechanism as described in Summary of the 
Invention, and is fitted wdth a torsion spring. 

The suspension mechanism (Figs. 15 and 16) has four links named shaft (W). disc (D), 
intermediate eccentric (M), and body (K), which for '"assembling"' reasons is made in two 
parts. The shaft f W)> the disc (D) and the intermediate eccentric (M) all assume the general 
form of spatial eccentric. The shaft (W) has a pin (WP), a spherical surface (WS), and two flat 
surfaces (WK) and fWIVD. The disc CD) has a spherical surface (DS) and two flat surfaces 
fPK) and (DM). The intermediate eccentric (M) has a spherical svirface (MS) and two flat 
surfaces (MW) and (MP). Placed in the body (K) there are two hemispherical bore chambers 
(KWS) and (KDS) with their respective flat surfaces (KWF) and (KWD). Both the 
hemispherical bore chambers (KWS) and (KDS) form a spherical bore chamber placed inside 
of the body (K), Moreover, placed in the body (K) there is a bearing (KW) supporting the pin 
(WP) on the shaft (W). 

The shaft (W) pivots in the hemispherical bore chamber (KWS), and the spherical 
surface (WS) of the shaft (W) slides over the spherical surface of the bore chamber (KWS). 
while the flat surface (WK) slides over the flat surface (KWF), and the pin (WP) of the shaft 
(W) pivots in the bearing (KW). Thanks to the presence of the flat surface (WK) on the shaft 
(W) mating the flat surface (KWF) of the bore chamber (KWS), the shaft (W) and the body 
(K) form a higher (rotational) kinetic couple The axis (OW) of rotation of the shaft (W) 
relative the body (K) is perpendicular to both the flat surfaces (WK) and (KWF). 

Similarly, the disc (D) pivots in the hemispherical bore chamber (KDS), and the 
spherical surface (DS) of the disc (D) slides over the spherical surface of the bore chamber 
(KDS). while the flat surface (DK) slides over the flat surface (KDF). Thanks to the presence 
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of the flat surface (DK) on the disc (K) mating the flat surface (KDF) of the bore chamber 
(KDSl the disc (D) and the body (K^ form a higher (rotational) kinetic couple. The axis (OD) 
of rotation of the disc CO) relative the body (K) is perpendicular to both the flat surfaces (DK) 
and rKDFV 

The intermediate eccentric (M) is placed betv^een the shaft (W) and the disc (D\ and 
the flat surface (MWl of the intermediate eccentric (M) mates the flat surface (WM) of the 
shaft (W)> while the flat surface (MP) of the intermediate eccentric (M) mates the flat surface 
fDNf> of the disc (D\ 

Moreover, the spherical surface (MS) of the intermediate eccentric (M) slides over the 
spherical surface of the spherical bore chamber inside the body (K) formed by the tv^o 
hemispherical bore chambers (KWS) and (KDS). The intermediate eccentric (M) and the shaft 
(W) form a higher (rotational) kinetic couple, and the axis (OMW) of rotation of the 
intermediate eccentric (M) relative the shaft (W) and the overlapping axis (OWM) of rotation 
of the shaft (W) relative the eccentric (M) are both perpendicular to both the flat surfaces 
(MW) and (WM). The intermediate eccentric (M) and the disc (D) form a higher (rotational) 
kinetic couple, and the axis (OMD) of rotation of the intermediate eccentric (M) relative the 
disc (D) and the overlapping axis (ODM) of rotation of the disc (D) relative the eccentric (M) 
are both perpendicular to both the flat surfaces (MP) and (DM). 

All the axes (OW). (OP), (ODM) (and the overlapping axis (OMD)) and (OWM) (and 
the overlapping axis (OMW)) intersect at precisely one point (P), and any of the axes (OW), 
(OD), (ODM) and (OWM) is inclined relative any other of the axes at a non-zero angle. 

There is a trailing arm (H) fastened to the shaft (W) through the pin (WP). There is 
also a torsion spring (S), one end of which is fastened to the disc (D), w^hile the other end of 
said spring (S) is anchored in a vehicle frame (F). The whole suspension unit is fastened to the 
vehicle frame (F) through the body (K). 

The principal advantage of the present suspension unit over all the suspensions 
disclosed as examples 1-5 (using flat mechanisms) is much more compact and robust 
structure. In fact, maximum specific loads of mechanism^ s components (in particular 
bearings) being equal, spherical mechanism of the type described above is much more 
compact than its flat counterpart as described in examples 1-5 (which is the strongest flat 
mechanism in existence). Another important advantage of the present suspension unit is that it 
enables the position of the spring relative the road wheel arm to be freely chosen. In particular 
it enables a longitudinal torsion spring to be combined with a trailing arm. 



Example 6 5 (should precede the example renumbered as Example 6 above) 

Referring to Figs. 12 and 13. there is shown a suspension system of the McPherson 
type in accordance with the invention. The MoPhoroon typo suspension - syst e m mechanism 
comprises a shaft (W) fitted with an eccentric 4MW^ (WM) . an intermediate eccentric (M), a 
disc (D) and a body (K), which for ''assemble/disassemble^' reasons is composed of eight 
separate pieces (which, from the kinetic point of view, form a imique link of the mechanism) . 
The shaft (W) and the disc (D) pivot directly in the body (K) in their respective bearings 
(KW) and (KD) . while the intermediate eccentric pivots on the shaft ecce n tr i c (MW) . the 
eccentric (WM) on the shaft (W) pivots in a circular eccentric bore chamber (MW) in the 
intermediate eccentric (M). and the intermediate eccentric (M) pivots in a circular eccentric 
bore chamber (DM) in the disc (D) . 
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A radius arm (H) is fastened to the shaft (W), and a bracket -ff^ f PS) supporting one 
end of a coil spring (S) is fastened to the disc (D). The other end of the coil spring (S^ is 
su pported in a vehicle frame (¥\ and the vyhole suspension unit is fastened to the frame (F^ 
through the body fK). 

Kinetics of the suspension mechanism is precisely the same as that of the mechanisms 
of the previous suspension units. In particular the axes of rotation of all the kinetic pairs of the 
suspension mechanism are parallel to each other. 

The suspension has a non-linear progressive characteristic and compact structure, 
typical for suspensions of the McPherson type. 

Example 7 

A suspension system fitted with a leaf spring has a shaft (W) fitted - with three eccentrics 
(M>\a, MW2, MW3), three intermediate eccentrics (Ml, M2, M3), and three sliders (Dl, D2, 
D3), whoroas the sUder set (Dl, D2, D3) and the intermediate eccentrio s (Ml, M2, M3) mate 
the shaft c ceci rt r i es (MWl, MW2, MW3) ro s poctivoly. The shaft (W) pivots in a body (K), 
and the sliders (Dl, D2, D3) arc sliding fitted in the body (K). The central slider (D2) is 
coupled with a vehicle axis» and the - leaf s pring is fastened to the outer slider s (Dl) and (D3) . 
"E G centricity ratios of the eccentrics (MWl) and (MW3) are . equal one to the . othei;. ^ 

■ Moreover, th e e o e entrioity mtio of each shaft eccentric (MWl, MW2, MW3) oqualo tho 
eccentricity ratio of the intermediate eccentric (Ml, M2, M3) which it mate. ■ 

The shaft eccentrics (MWl) and (MW3) are both rotated by certain angle A relative to the 

^- shaft eccentric (MW2). The proper choice of the angle A provides a non linear characterigtic 
of tho suspension of tho required progressiveneoo mtio. 

■ The suspension maintains on important advantag e of th e leaf spring i.o. its oapability to hold 
alone the vehicle axle. - 

A common distinctive feature of all the suspension systems de s cribed above is a non - linear - ■ 
and differentiable characteristic which provides an extraordinary adaptability of the — 
' ^■ suspension stiffiiess to variable static and dynamic load s , thus providing a smooth and stable 

■ ride within tho whole range of the vehicle loads. 

Referring to Figs. 17-18, there is shown a suspension unit according to the present 
invention, which is a '"spatiaF^ analog of the suspension described in Example 4 (with minor 
alternations, which will be clear from the description belowV More precisely, the present 
suspension unit has a spatial mechanism of the structure completely analogous to that of the 
suspension imit described in Example 6 above (with only minor alternations having no 
relation to the internal arrangement, nor impact on the kinetics of the mechanism^ and is 
fitted with a coil spring compressed bv two different links of the suspension mechanism 
(through brackets fastened to the suspension mechanism's body and a road wheel arm, which 
in turn is fastened to the mechanism shaft). 

As mentioned above, the internal stmcture of the suispension mechanism (Fig. 18, see 
also Figs. 15, 16) is precisely the same as that of the suspension mechanism described in 
Example 6, thus the description in Example 6 applies also to the mechanism of the present 
suspension unit. In particular, the geometry and internal kinetics (Le. movement of any of its 
part relative any another of its parts) of the present suspension mechanism (therefore also 



AMENDED SHEET 17 (SPECIFICATION - MARKED UP VERSION) 



IJILEOr 1 Kb INVbN 1 lUN. 


rlKol NAivlblJ liN VtlN 1 UK. 




VEHICLE SUSPENSION SYSTEM, 


WIESLAW JULIAN OLEDZKI 


10/019,083 


PARTICULARLY FOR ROAD AND OFF 






ROAD VEHICLES 







relative position of all the axes of rotation of all the kinetic couples of the mechanism ronlv 
two of them, namely the axes (OW) and (OD^ of rotation of the shaft (W^ and the disc (D) 
relative the body (K^ respectively, are shovm in Fig, 18). including having a common 
intersection point (P\ and any of the axes being inclined relative any other one at a non-zero 
angle) is precisely the same as that of the suspension mechanism described in Example 6. The 
only structural differences betvyeen the present suspension imit and that described in Example 
6 are the follovying ones. For the first, the disc (D) of the present suspension spatial 
mechanism has a pin (DP), vyhich is supported in a bearing (KD) placed in the body (KV For 
the second, fastened to the disc (D). through the pin (DP), there is a flange (Z). For the third, 
fastened to the body (K) there is a bracket (KS). and fastened to the vyheel arm (H) there is a 
bracket (HS): a coil spring (S) replaces the torsion spring, said coil spring (S) being 
compressed betw^een the brackets (DS) and (HS). For the fourth, the w^hole suspension unit is 
fastened to a vehicle frame through the flange (Z) on the disc (D) (thus the extemal kinetics of 
the suspension mechanism. Le. movement of its parts relative the vehicle frame (F). 
necessarily differs from that of the suspension unit described in Example 6). Thus the general 
arrangement of the suspension unit is analogous to that of the suspension unit described in 
Exetmple 4. the only differences being the foUovying ones. For the first, the wheel arm (H) is 
now fastened to the shaft (W) rather than to the intermediate eccentric (M), For the second, 
the entire suspension unit is fastened to the vehicle fiame (F) through (the flange (Z) on the 
pin (DP) on) the disc (D) rather than through (the flange (Z) on) the shaft (W). Thus in the 
present suspension unit, unlike in that disclosed in Example 4 above, the link of the 
suspension mechanism which is coupled with the vehicle wheel (in this instance the shaft 
(W)) is not adjacent to the link (in this instance the disc (D)). through which the whole 
suspension vmit is fastened to the vehicle frame (F), 

The principal advantage of this peculiar arrangement (namely a spring being 
conyressed bv two different links of the suspension mechanism) of the suspension unit over 
the previous one is that the loads of the suspension mechanism can be substantially 
diminished (reaction force of both the suspensions being equal), and therefore the suspension 
unit can Ixhtnade smaller and lighter. 

There is a suspension with flat mechanism in accordance vsdth the present invention, 
which is a fiill analog of the present suspension- 



Example 8 

Referring to Fig, 19. there is shovsoi a suspension unit according to the present 
invention, which is a variant of the suspension unit described in Example 7 (Figs. 17. 18) and 
is a '"spatial" analog of the suspension described in Example 3 (with differently placed 
spring). More precisely, the present suspension unit has a spatial mechanism of the structure 
and kinetics (both internal and extemal) precisely the same as that of the suspension imit 
described in Example 7. and is fitted with a coil spring (S). the only difference being one end 
of said spring (S) is now coupled with one moving part of the suspension mechanism (namely 
the body (K)). the other end being supported in vehicle^s frame (F), As in Example 7 the 
whole suspension unit is fastened to the vehicle frame (F) through the flange (Z) fastened to 
the pin (DP) of the mechanism disc. A trailing arm (H) is fastened to the mechanism shaft 
through the pin ( WP). 
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Thus in the present sttspension unit, unlike in that disclosed in Example 3 above> the 
link of the suspension mechanism which is coupled vy^ith the vehicle wheel fin this instance 
the shaft (Wy) is not adjacent to the link (in this instance the disc (D)^, through which the 
whole suspension unit is fastened to the vehicle frame (¥\ 

There is a suspension with flat mechanism in accordance vnth the present invention, 
which is a fiill analog of the present suspension. 
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